Introduction
Ethiopia is endowed with diverse vegetation types ranging from high altitude Afroalpine vegetation in the central highlands to arid lowlands in the East, and rainforests in the West. The altitude of Ethiopia ranges from 125 m b.s.l. to 4533 m a.s.l. and it possesses more land above 2000 m than any other country in Africa (Friis et al. 2010) . The highlands that host most of the afromontane vegetation are divided into the Western and Eastern highlands by the East African Rift Valley (Friis et al. 2010) . The country has the fifth largest flora in Africa and tremendous floristic diversity, with an estimated 6,500-7,000 species of higher plants of which about 12% are endemic (Gebre-Egziabher 1991; Vivero et al. 2006) . According to Friis et al. (2010) , there are twelve major vegetation types in Ethiopia, some of these divided into subtypes: (1) Desert and semi-desert scrubland (DSS); (2) Acacia-Commiphora woodland and bushland (ACB); (3) Wooded grassland of the Western Gambella Region (WG); (4) CombretumTerminalia woodland and wooded grassland (CTW); (5) Dry evergreen Afromontane Forest and grassland complex (DAF); (6) Moist evergreen Afromontane Forest (MAF); (7) Transitional Rain Forest (TRF); (8) Ericaceous Belt (EB); (9) Afro-Alpine belt (AA); (10) Riverine Vegetation (RV); (11) Freshwater Lakes, lakeshores, swamps and floodplains Vegetation (FLV); and (12) Salt-water Lakes, lake shores, salt marshes and pan Vegetation (SLV).
Topographic and altitudinal variation in Ethiopian landscapes has influenced the existence of varied vegetation types and floristic diversity. Several authors have reported that there is a correlation between floristic composition and diversity and environmental gradients, such as elevation, slope and aspect (Smith & Huston 1989; Bale et al. 1998; Senbeta & Manfred 2006; Yimer et al. 2006; Fontaine et al. 2007; Woldemariam Gole et al. 2008; Sharman et al. 2009 ). An altitudinal gradient has an effect on diversity of plant species, which creates variation in climatic pattern and soil differentiation (Lomolino 2001) . Studies show that elevation, slope, and aspect are determinants for the spatial and temporal distribution of factors such as radiation, precipitation, and temperature that influence species composition (Albert & Christian 2007) . Geographic and climatic conditions change sharply with altitude (Kharkwal et al. 2005) and vegetation in mountain regions responds to small-scale altitude variation (Bale et al. 1998) . Similarly, Ovales and Collins (1986) evaluated soil variability across landscapes in two contrasting climatic environments and concluded that topographic position and variation in soil properties were significantly related. In the South-eastern Ethiopian highlands, it has also been studied that in addition to topographic aspect, plant community types are influenced by the physical and chemical properties of the soil (Yimer et al. 2006) . Topographic aspect has long been known as a potentially significant factor in generating differences in ecosystem characteristics (Bale & Charley 1994; Bale et al. 1998) . Its impacts are various due to its compound character, potentially encompassing external variables such as solar radiation (Holland & Steyne 1975) and cloud cover (Smith 1977) . Primary impacts of aspects are expressed through regulating energy budgets and site moisture relationships.
Wondo Genet forest, where this study was conducted, is classified as Moist evergreen Afromontane Forest (Friis et al. 2010) . In the 1970s, one of the major areas with remnant high forests was the South-central Rift Valley of Ethiopia, including Shashemene, Wondo Genet, and parts of Sidama (Chaffey 1979) . The Wondo Genet forest is an upstream forest within the Hawassa watershed, in which over half a million people live (Dessie & Kleman 2007) . Like most other forests in the country, Wondo Genet forest is experiencing a large scale deforestation. This forest is severely threatened by heavy anthropogenic disturbance and has declined from 16% of the catchment land area to 2.8%, within the past three decades alone, mainly driven by the expansion of small-scale agriculture, commercial farms and logging. In the decline of the Wondo Genet forest area, two major modes of change were observed: 1) internal, that is, openings created by small farm plots, grazing lands, and villages; and 2) external, that is, expansion of agriculture frontier from the exterior into the forests (Dessie & Kleman 2007) . The valleys and mountain slopes of the Wondo Genet escarpment are very heterogeneous and rendered spatially variable plant communities. Analysis and evaluation of the spatial gradients is, therefore, essential to understand the factors affecting species richness, species abundance and plant community types and their distribution (Tesfaye et al. 2008) .
Several authors have published the results of Ethiopian plant community investigations (Bekele 1994; Woldemariam Gole et al. 2008; Soromessa et al. 2004; Aerts et al. 2006; Senbeta & Manfred 2006; Lulekal et al. 2008; Didita et al. 2010 ) that have shown a connection of plant community distribution with variation in environmental gradients. Understanding of vegetation composition, diversity of species and their habitats, and comparison with similar other habitats (Afromontane forests), may become a tool to estimate the level of adaptation to the environment. Information on floristic composition, diversity and their relationship with their environment is essential in understanding the forest dynamics. Conservation and management of the forest resources also requires data on plant species diversity and the forest communities in order to check out necessary actions for restoring and rehabilitating this forest. In the face of fast rate of deforestation and degradation, there is an urgency to generate information and assist national and regional action towards maintenance of this forest.
The effect of topographic factors and altitude on species richness, abundance and plant community distribution has not been studied in this forest so far. The objectives of the present study are to: (i) describe species richness, abundance and plant community types of Wondo Genet Afromontane forest (ii) ascertain the pattern of species richness and abundance with elevation, slope and aspect, and (iii) carry out floristic similarity (Sørensen's) comparison of the Wondo Genet forest with other Afromontane forests of Ethiopia and Afromontane forests of Mafi in Tanzania and Mt. Elgon in Kenya.
We hypothesize that for the range of altitude and slope studied, floristic diversity increases with altitude, while it decreases with slope steepness, and this is dictated mainly by the moisture gradient. (Fig. 1) . The large-scale physiographic setting is defined by a tectonic depression bounded by steep escarpments. The floor of the depression is covered by lakes, wetlands and alluvial Fig. 1 . Location map of the study site and sample quadrats (P) and transects (first transect goes from quadrat P1 to P17, second from P18 to P36, third from P37 to P56 and fourth from P57 to P75) plains, which together cover half of the watershed. The remaining half consists of uplands and escarpments with slopes varying between 8 and 85 degrees. The altitude ranges from 1800-2500 m a.s.l. The mean annual rainfall is about 1200 mm and it is bimodal. Rain can be expected from March to April and June to August. The period from November to February is relatively dry. The mean monthly temperature ranges from 19 o C in August to 25 o C in March, April, May and September. The soils are young and of volcanic origin, characterized by well-drained loam or sandy loam, and they are shallow at steep convex slopes, but deeper at lower altitudes (Eriksson & Stern 1987) . The valley floor is partly covered by lake deposits rich in plant nutrients. On higher ground the texture is sandy or silty, while clay dominates around the wetlands. The current land use is predominantly smallholder agriculture with an average landholding size of less than one hectare per household. The major crops include enset, khat, sugarcane, maize and potatoes. Wondo Genet is agriculturally fertile, with irrigation farming dominating in the flat and undulating sites. The Wondo Genet forest is the partly fragmented remnant of a formerly larger and more coherent forest covering the eastern rift flank (Dessie & Kleman 2007) . It harbors important and rare fauna and flora, and provides watershed, ecosystem, economic, research, and educational services. The population of the Wondo Genet is composed of six main ethnic groups consisting of about half a million people (Dessie & Kleman 2007).
Materials and methods

2
Data collection
Systematic plot sampling was conducted in May 2010 in four transects and 75 quadrats of 20x20 m. Many researchers have used similar sample sizes and shapes in the different Afromontane forests in Ethiopia (Bekele 1994; Tadesse & Nigatu 1996; Teketay 1997; Senbeta & Teketay 2003; Senbeta & Manfred 2006; Woldemariam Gole et al. 2008) . The first quadrat was located randomly and, afterwards, the quadrats were established at 100 m intervals along transects. Transects were spaced 350 m apart. In each quadrat, all species with DBH (Diameter at Breast Height) ≥2 cm and height ≥2 m were identified and counted. Diameter was measured using a caliper, and a diameter tape was used, when a tree was larger than what a caliper could measure. A Suunto clinometer was used to measure tree height. The presence of epiphytes, herbs, grasses, sedges and ferns was recorded for a floristic compilation. Vernacular names of species mainly in Oromiffa and Sidama local languages in the Wondo Genet area were provided by the key informants. Plant identification was done in the National Herbarium, Addis Ababa University. Nomenclature followed published guidelines of the Flora of Ethiopia and Eritrea (Hedberg & Edwards 1989 Edwards et al. 1995 Edwards et al. , 1997 Edwards et al. , 2000 Hedberg et al. 2003) . Environmental parameters including slope (using clinometers), elevation (Garmin GPS-72 cross-checked with altimeter), exposition (using Silva compass), and coordinates (using GPS-72) were measured on a plot basis.
Data analysis
Species diversity, cluster analysis, ordinations and phytogeographic comparison methods have been employed to analyse the data. Each of these methods is described in detail below.
2.3.1. Diversity and cluster analysis Species diversity was measured using Shannon diversity (H'), H'max, and Shannon evenness (J'), Simpson index (D) and Simpson evenness indices (Magurran 2004) .
Hierarchical cluster analysis of the data was done using PC-ORD for Windows version 5 created by McCune and Mefford (2006) . Species abundance data was used as input. The Relative Euclidean Distance developed by McCune and Grace (2002) with Ward's method (hierarchical grouping = minimum variance grouping) was used in order to minimize increases in the error sum of squares. The identified groups were tested for the hypothesis of no difference between two or more groups of entities using Multiple Response Permutation Procedure (MRPP) technique. Moreover, species indicator values were calculated following Dufrene and Legendre (1997) . Indicator species analysis was used to contrast performance of individual species across two or more groups of samples. Indicator values are measures of faithfulness (closeness) of occurrence of a species in a particular group and ranges from zero (no indication) to 100 (perfect indication). The statistical significance of the indicator values were tested using Monte Carlo technique. The P-value is based on the proportion of randomised trials with indicator value equal to or exceeding the observed indicator value. In the present analysis, a species with a significant indicator value of P<0.05 is considered to be an indicator species of a community (group). The community types were named after two of the species that had indicator values of P<0.05.
Ordinations
Ordination was also computed using a Nonmetric Multidimensional Scaling (NMDS). The species abundance and environmental matrices containing elevation (meters a.s.l.), slope (%), and aspect were used for the ordination. Aspect was measured in degrees and converted to scales from zero to one, following the formula (1-cos (Ø-45)/2, where Ø is aspect in degrees, East of true North, with zero value indicating the coolest slope (northwest) and one -the warmest slope (southeast). Data analysis was based on Nonmetric Multidimensional Scaling (NMDS) technique using Sørensen distance measure. The main advantages of NMDS are following: (1) it avoids the assumption of linear relationship among variables; (2) its use of ranked distances tends to linearize the relationship between distances measured in species space and distances in environmental space; (3) it allows the use of any distance measure or relativization.
Gradient analyses were done by employing PC-ORD version 5.0 (McCune & Mefford 2006) . NMDS was run on the log-transformed abundance data using "Autopilot" mode, relative Euclidean distance measure, six starting dimensions, 50 iterations and instability criterion of 10 -5 . To test for concordance between environmental variables and the NMDS dimension, Spearman rank correlation coefficients were calculated. Monte Carlo test was performed to evaluate whether NMDS extracts stronger axes than expected by chance. To check for the influence of linear regression of environmental gradient on species richness and abundance, "Tree Diversity Analysis software" R-Software (Kindt & Coe 2005) was used, whilst Pearson's critical value was considered to check the significance level.
Phytogeographic comparison
A similarity analysis was carried out to evaluate the relationship between the forests based on the presence of trees and shrubs. Evaluation was conducted using the Sørensen index (Sørensen's similarity coefficient):
where: a -number of species common to both forests, b -number of species found only in one forest (here, in Wondo Genet) but absent in the forest under comparison and c -number of species present in the other forest but not in Wondo Genet Forest, and N -number of species entered for comparison.
Species data where retrieved from the publications: Ethiopia; Jibat, Chilimo, Menagesha and Wofwasha (Bekele 1994) , Mena Angetu (Lulekal et al. 2008) , Yayu (Woldemariam Gole et al. 2008) ; Mafi in Tanzania (Lyaruu et al. 2000) and Mt. Elgon in Kenya (Hitimana et al. 2004 ).
Results
Floristic composition
A total of 240 plant species (herbs, lianas, shrubs, and trees) were identified from the studied quadrats in the Afromontane natural forest of Wondo Genet (Appen dix 1). The identified species belong to 94 families and 210 genera, including 8 pteridophyte families, one gymnosperm family, 10 monocotyledon and 75 dicotyledon families. The family with the highest spe-cies richness was Asteraceae (17 genera, 22 species), followed by Poaceae (15 genera, 16 species), Fabaceae (12 genera, 13 species), Lamiaceae (10 genera, 10 species), Rubiaceae (9 genera, 9 species), Orchidaceae (7 genera, 7 species) and Euphorbiaceae (6 genera, 6 species). The ten families with the highest species richness contributed 41.25% of the total species and 41.9% of the total genera. In comparison, the 20 families with the highest species richness contributed 55.41% of the total species and 55.71% of the total genera. With respect to plant life forms, trees account for 23.75%, shrubs 25%, herbs 35%, lianas 11.25% and ferns 5% of the species recorded. 2, 12, 15, 45, 3, 14, 4, 24, 36, 28, 32, 8, 10, 9, 29, 5, 25, 11, 37, 30; C2: 13, 19, 23, 44, 18, 43, 17, 33, 39, 38, 42, 64, 65, 22, 61, 62; C3: 16, 70, 71, 41, 72, 56, 58, 57, 6, 7; C5: 53, 52, 21, 34, 35, 26, 40, 59,60; C4: 20, 31, 47, 27, 51, 46, 48, 49, 50, 55, 54, 66, 63, 67, 68, 69, 73, 74, 75 T-value statistic for the five groups is -27.07 (P<0.001), while the A statistic (chance corrected for within-group agreement) is 0.554. The T-test statistic describes the separation between groups. The A statistics describes within-group homogeneity and falls between 0 and 1. When the items are identical, A=1. In community ecology, values of A are commonly below 0.1. The groups vary in size, ranging from 8 to 21 plots per group. The results of the indicator species analyses determine the degree to which species are associated with the different groups (i.e., communities). Each group has 3-4 indicator species with significant indicator values. In this analysis, a plant species with a significant indicator value at P<0.05 is considered an indicator species of the community. Pair wise comparison of the communities analysed using MRPP indicated T-values ranging from -7 to -20 (P<0.001). Community I (Ackokanthera schimperi -Calpurnia aurea) has twenty species and was found in 21 quadrats (28%). This forest community is the largest, mainly found between the altitudinal ranges of 1880-1990 m a.s.l., mostly, along the natural forest boundary with other land use areas. This community is mainly found along the north-western facing slopes. The slope gradient varies from 18-45%. The community has ten indicator species with significant indicator values (P<0.001) Community III (Croton macrostachyus -Vernonia hochstetteri) is represented by fourteen species and ten quadrats. This forest community is mainly found between altitudinal ranges of 1990-2280 m a.s.l., and is mostly distributed along the south-eastern facing slopes. The slope gradient varies from 20-50%. The community has 4 indicator species with significant indicator values, namely, Croton macrostachyus Hochst. ex Delile, Vernonia hochstetteri Sch. Bip. ex Hochst, Vernonia auriculifera Hiern and Bersama abyssinica Fresen.
Community IV (Protea gaguedi -Rhus retinorrhoea) is represented by eight species and was found in nine quadrats. The community has 4 indicator species with significant indicator values; namely, Protea gaguedi J. F. Geml., Rhus retinorrhoea Steud. ex Oliv., Myrsine africana L. and Buddleja polystachya Fresen. This forest community is mainly found between altitudinal ranges of 2200-2400 m a.s.l. and along the south-eastern facing slopes. The slope gradient varies from 50-70%.
Community V (Dodonaea angustifolia -Hypericum quartinianum) is the second largest community spread Biodiv. Res. Conserv. 29: 63-80, 2013 The overall Shannon-Wiener diversity and evenness of the woody species in the studied forest were 3.63± 0.438 and 0.84±0.10, respectively. The overall values indicate that the diversity and evenness of the woody species is relatively high (Table 2) . Apparently, communities II, III, and IV had the highest species diversity, while communities I and V -the lowest.
Ordination
In the NMDS ordination, the greatest reduction in 'stress' achieved was 14.71 with a three-dimensional solution and final instability of 1x10 -5 . The proportions of variance represented by the three axes were 0.288, 0.238 and 0.084, respectively (cumulative r=0.61). Species richness had a significant correlation with AXIS 1 (r=0.229, P<0.05) and AXIS 3 (r=0.567, P<0.01). Species abundance had a significant correlation with AXIS 3 (r=0.400, P<0.01).
Elevation had the strongest significant correlation with AXIS 3 (r=0.768, P < 0.01), AXIS 2 (r=0.332, P<0.01) and AXIS 1 (r=0.281, P<0.05). Slope had significant correlation with AXIS 2 (r=0.354, P<0.01), AXIS 1 (r=0.278, P<0.01), and AXIS 3 (r=0.245, P<0.01). The correlation of aspect with the axes was not significant. Elevation explained 48.16% of the variation in species richness and 30.14% of species abundance. Slope explained 13.69% of the variations in species richness and 12.46% of species abundance. The percent of variation explained by aspect was quite low, 4.33% and 0.79% of the species richness and species abundance, respectively (Fig. 3) Fig. 4a-b) . In a similar way, slope was correlated with species richness (r 2 =0.14, P<0.001) and abundance (r 2 =0.13, P<0.001) significantly negative ( Fig. 4c-d) . The correlation of aspect with species richness was negatively significant (r 2 =0.04, P<0.01), but its effect on abundance was not significant (Fig. 4e-f ).
Phytogeographical comparison
An attempt was made to compare some Afromontane forests in Ethiopia and Eastern Africa (Tanzania and Kenya) on the basis of similarities in their species composition. Sørensen's similarity coefficient indicates that the studied forest is similar to moist montane forests of southwestern and southeastern Ethiopia (Table 3) .
Discussion
The inventory presented in this study shows that the Wondo Genet forest is one of the most diverse forests in Ethiopia with respect to plant species richness. Afromontane forests of Ethiopia has been studied by several authors (Bekele 1994; Teketay & Bekele 1995; Woldemariam Gole et al. 2000; Friis et al. 1982; Friis 1992; Senbeta & Manfred 2006; Woldemariam Gole et al. 2008) . Comparisons of the recorded species richness of the Wondo Genet forest in this study with other published studies of species richness of Afromontane forests, reveal that the level of the diversity in the studied forest is high. With about 240 species, the Wondo Genet Afromontane forest has higher species richness, than, for instance, Jibat forest with 58 species (Bekele 1994) , Chilimo forest with 90 (Woldemariam Gole et al. 2000) , Dakata forest with 202 (Teketay 1995), Bonga forest with 154 (Friis et al. 1982) , the Harrena forest with 128 (Tadesse & Nigatu 1996) and Yayu with 220 (Woldemariam Gole et al 2008) . However, Wofwasha forest was reported to have more than 250 species (Teketay & Bekele 1995) , so presents an exceptional species richness.
With a record of seven endemic species to Ethiopia, Wondo Genet has a relatively high number compared to, for example, Yayu forest with three endemic species (Woldemariam Gole et al. 2008) , but lower than Wofwasha, which has 29 species (Teketay & Bekele 1995) . Sidamo floristic region, where this forest is located, is among the richest centers of endemism in Ethiopia (Friis et al. 2001) . It was noted that endemic plant species account for 11-25% of Afromontane species composition (Woldemariam Gole et al. 2008) . In general, the diverse evergreen Afromontane forests have a lower number of unique species (Friis et al. 2010) . In this study, five new records were made for the Sidamo floristic region of the Flora of Ethiopia and Eritrea. These are Rhus Diospyros mespiliformis, Salix subserrata and Phoenix reclinata were found in this study. It has been suggested that different elevation and slopes influence species richness, and dispersion behaviour of tree species (Ellu & Obusa 2005) . In the Yayu forest, in southwestern Ethiopia, the plant species distribution, and hence the patterns in forest vegetation are mainly influenced by the terrain gradient variables, such as altitude, slope and distance from the river banks (Woldemariam Gole et al. 2008) . It was found that altitude was significantly and negatively correlated with density and species richness (Sharma et al. 2009 ). In the Wondo Genet forest, both species richness and abundance, hence diversity, were significantly and negatively correlated with altitude. A similar pattern for species richness and diversity was reported for the vegetation around Dello Menna in southeastern Ethiopia (Didita et al. 2010) .
Slope was also significantly and negatively correlated with density and species richness (Sharman et al. 2009 ). Slope influences drainage, impacting soil formation processes, and chemical properties, since the soils on steeper slopes are influenced by bed rock and tend to be less moist and less acidic (Tewolde 1986 , as cited in Woldemariam Gole et al. 2008 . At Wondo Genet, slope is significantly and negatively correlated with both species richness and abundance.
Aspect-induced regime of fundamental niche characte ristics, such as frost, light compensation level and permanent wilting point, enforces some sorting of species (Austin et al. 1990) . The magnitudes of inter-aspect differences in the mean monthly temperatures were sufficient to contribute to a sorting of canopy species (Bale et al. 1998) . At Wondo Genet, aspect has significantly influenced species richness; however, the influence of aspect on species abundance was not significant.
Conclusions
The Wondo Genet remnant forest contains a substantial amount of Afromontane plant species composition and diversity. The high diversity, coupled with the presen ce of endemic species, calls for immediate conservation strategies with the involvement of govern ment and local communities that would lead to the restoration and rehabilitation of this remnant forest. Conserving this forest will allow to preserve refugia for many species and also retain the dispersal pool for the restoration and rehabilitation of the forest itself and the nearby degraded areas under agricultural systems.
The further detailed ecological studies concerning the species composition, diversity and distribution of the possible plant community types in relation to other environmental factors such as soil properties, moisture regime, temperature fluctuation, frost occurrence, and the like, which were not the subject of this study, will be of vital importance. Ethnobotanical studies should be conducted to harness the indigenous knowledge on the uses of plant resources contained in the forest.
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